a secondary illness (e.g. infections associated with long-term immobilization in bed). Since the patient becomes totally dependent an enormous burden is carried by the carers. They are under continual stress without appropriate community-oriented services, which are seldom available in most settings.
POST-MORTEM N E U R O P A T H O L O G Y
Post-mortem confirmation of Alzheimer's disease is reasonably high (up to about SO-SO%) in cases which fulfil the National Institute of Neurology and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria for probable Alzheimer's disease (Joachim et al. 1988) . The hallmark neuropathological features are senile (or neuritic) plaques and neurofibrillary tangles. Whereas the former have large extracellular cores of up to 200 pm in diameter the latter are mainly found intracellularly, especially in pyramidal cells. Severe brain atrophy due to cell loss and shrinkage can be easily detected in the later stages of the disease but signs of neurodegeneration at the synaptic level where neuropil threads are found, occurs throughout the course of the disease.
There is evidence that neuropathological changes may precede the occurrence of easily recognizable clinical symptoms. One widely accepted system for staging the disease (Arnold et al. 1991; Braak & Braak, 1991; Price et al. 1991) uses the neurofibrillary tangles and neuropil threads as markers. This method indicates that some of the earliest changes occur in the transentorhinal cortex, a region linking the temporal neocortex with the entorhinal region. With the appearance of clinical signs of impairment of cognition and slight personality changes the entire entorhinal cortex and related areas (thalamus, hippocampus and amygdala) become involved. Only later do neocortical association areas show marked changes at a stage when dementia is clearly present. The primary motor and sensory areas remain relatively unaffected. The proposed stages are consistent with the idea of the spread of the disease being a result of the connectivity rather than the proximity between cells.
It has been suggested that one of the reasons for the early involvement of memory changes is because the perforant path connecting the temporal cortex with the hippocampus is susceptible to damage in the entorhinal and transentorhinal areas (Hyman et al. 1986 ). There is also substantial evidence implicating destruction of the cholinergic neurones innervating forebrain regions as a major target in providing a basis for the cognitive decline. However, no one neurotransmitter or neurone appears to be the only primary target in the disease (Cowburn et al. 1989) .
Although neuritic plaques can be observed in the neocortex at a time when there is little evidence of neurofibrillary changes in the brain there is no pattern of deposition that allows a clear staging of the disease (Braak & Braak, 1991) . Neither neuritic plaques nor neurofibrillary tangles are unique to Alzheimer's disease being present to varying degrees in normal ageing and other neurological diseases (e.g. post-encephalitic Parkinsonism).
P-A M Y LO ID H Y P O T H E S IS
Recent cellular and molecular studies have greatly advanced our understanding of the neuropathology of the disease, providing insights into possible mechanisms for its aetiology and pathogenesis (Goedert et al. 1991b; Hardy & Allsop, 1991; Selkoe, 1991; Hardy & Higgins, 1992; Marotta et al. 1992) . The central core of senile plaques is composed mainly of highly insoluble (3-pleated proteinaceous fibrils. These largely contain the thirty-nine to forty-two amino acid long P-amyloid (A4) peptide. Microglia are also observed in the centre of the plaques. Surrounding the core degenerating neurites (dendrites and axons) and reactive astrocytic cells are found. The discovery that diffuse deposits of P-amyloid are detectable in many brain regions in clinically unaffected individuals has led to the suggestion that these deposits are precursors of the senile plaques. However, the latter occur primarily in the neocortex and a few subcortical areas such as the hippocampus. Some factor or a lack of protection must make the cells in these areas more sensitive to the pathology. Heparin sulphate, other proteoglycans, inorganic elements and al-antichymotrypsin have all been found closely associated with senile plaques.
The P-amyloid peptide has been found to be both neurotrophic and neurotoxic to cultured cells (Yankner et al. 1990; Hardy & Higgins, 1992) . Older cultured neurones or those exposed to excitatory amino acids acting at N-methyl-D-aspartate receptors or nerve growth factor are particularly sensitive to the toxic effects. It would appear that the ability of the peptide to aggregate and form fibrils is critical (Pike et al. 1991) . A critical role for P-amyloid-induced loss in the ability of cells to buffer changes in intracellular Ca has also been proposed. The neurotoxicity is shared by the (3-amyloid25-35 fragment which contains a sequence homologous to substance P. Subsequently substance P was found to protect against the toxicity. In vivo injection of P-amyloid into the frontal cortex of rats produced neurodegeneration (Kowall et al. 1991) . This was also reduced by systemic administration of substance P. Interestingly the injection of the cores of senile plaques from Alzheimer's patients into rat brain is also neurotoxic (Frautsch et al. 1991) , pointing to the possible involvement of immune mechanisms (e.g. complement-induced cytotoxicity). Neither of these in vivo models produced all the hallmarks of the disease seen in man. The fact that (3-amyloid deposition in the neocortex of patients with frontal lobe dementia can occur without neuritic plaque formation may mean that other cofactors are involved.
The source of P-amyloid is now known to be 6-amyloid precursor protein (APP). This protein has at least three isoforms which contain the (3-amyloid sequence. They all have a membrane spanning part near the intracellular carboxyl-terminal. The (3-amyloid sequence forms part of this transmembrane component (up to fourteen amino acids) and extends to include some (approximately twenty-eight) extracellular amino acids. Two isoforms contain a Kunitz-type serine protease inhibitor domain (APPm and APP770) whereas APP695 is the dominant form in the central nervous system.
It is still unclear exactly how P-amyloid is formed from APP. One of the major metabolic pathways (Younkin, 1991) for APP involves the cleavage of the molecule in the middle of the (3-amyloid sequence (residues 15-17) by a 'secretase' enzyme which releases the large amino-terminal ecto-domain from the membrane. The resulting soluble APP include protease nexin-11. This is found especially in the a-granules of platelets and is thought to have a role in coagulation and immunomodulation. Since these secreted forms of APP contain only a part of the P-amyloid sequence they, or the remaining membrane-bound fragments, cannot be the source of P-amyloid in Alzheimer's disease.
Recently an alternative pathway which involves the intracellular metabolism of APP in an endosomal-lysosomal compartment has been demonstrated (Golde et al. 1991; Estus et al. 1992) . Various carboxyl-terminal fragments which appear to include the P-amyloid sequence have been detected. It still remains to be shown that these are further broken down to produce P-amyloid and the question of why the peptide is normally found extracellularly in Alzheimer's disease senile plaque cores remains unanswered. The problem of the relative contribution of neuronaYgliaYvascular (e.g. brain capillary endothelial cells and circulating blood cells) tissue to the plaques is still subject to debate. The discovery that there is a marked reduction in APP levels in the cerebrospinal fluid of Alzheimer's disease patients (Van Nostrand et al. 1992 ) lends strong support to the idea that abnormal APP metabolism is fundamental to the disease. The possibility that fragments other than p-amyloid may be neurotoxic or contribute to the overall progress of the disease is only beginning to be investigated.
P A I R E D H E L I C A L FILAMENTS
Neurofibrillary tangles, neurites of senile plaques, and neuropil threads are composed of relatively insoluble (Goedert et al. 19916; paired helical filaments. These are normally formed in a double-helical stack of '(2'-shaped sub-units twisted into a ribbon-like structure crossing about every 80 nm. The primary constituent of the protease-resistant core is believed to be a part of the microtubule-associated protein called tau. Tau from Alzheimer's disease brain is abnormally phosphorylated, consisting of three tau isoforms with molecular weights of 60, 64 and 68 kD. These are tightly cross-linked at the repeat region of tau in paired helical filaments, thus preventing tau performing its normal functions of promoting the assembly and stabilization of microtubules (Goedert et al. 1991a ). This leads to disturbed axoplasmic transport. Excessive amounts of the paired helical filaments will disrupt the normal cytoskeletal system with consequent destabilization of cellular function including cell connectivity and will often cause cell death. This leads to the eventual extracellular deposition of 'tombstone' tangles at the sites of neuronal destruction.
The origin of the over-production (or under-metabolism) of abnormally phosphorylated tau is unknown. Whether it is due to a change in protein kinases and/or phosphatases selectively affecting tau phosphorylation states or to some other factor that makes tau particularly susceptible to generalized changes in intracellular protein phosphorylation-dephosphorylation is not clear. Other molecules found associated with paired helical filaments, such as the protease ubiquitin, may play a crucial role. It has been suggested that P-amyloid-induced destabilization of intracellular Ca may be a link between the two major hallmarks of the disease (Hardy & Higgins, 1992) .
G E N E T I C F A C T O R S
Perhaps the strongest evidence for the role of APP and P-amyloid comes from genetic studies of a very small number of patients with the autosomal dominant familial form of the disease (Castano et al. 1991) and of Down's syndrome patients (Giaccone et al. 1989 ). In about ten families world-wide a missense mutation of the codon 717 occurs on the APP gene located on chromosome 21. This results in the substitution of the native valine, located three residues away from the carboxy-terminal end of P-amyloid, with isoleucine, phenylalanine or glycine. Since this region normally forms part of the transmembrane spanning part of APP the report that this change can lead to the increased secretion of the intact molecule from cells (cultured fibroblasts from these patients) is of critical importance in our understanding of the sequence of events leading to the inevitable clinical symptoms (D. Goldgaber, unpublished results). Abnormal metabolism of APP as a likely cause of the pathology in these patients is supported by preliminary findings from studies of transfected cultured cells over-expressing the mutant forms of APP (B. A. Yankner, unpublished results). Activation of intracellular phosphorylation in these cells resulted in an increased and maintained release of carboxy-terminal fragments of APP which appeared to include the P-amyloid sequence.
Down's syndrome is caused by trisomy of chromosome 21 including the region that contains the APP gene. This will lead to a 50% increase in gene dosage which should produce an over-expression of APP. Nearly all these patients develop the neuropathological markers of Alzheimer's disease by the end of their fifth decade (Ellis et al. 1974) . Most of the stages described previously for Alzheimer's disease are apparent at earlier ages in Down's syndrome (Giaccone el al. Hyman & Mann, 1991) . The fact that it still takes decades for the full pattern to emerge points to the potential difficulties in using the genetic over-expression approach to model the disease in animals. Only two animal models of genetic aspects of Alzheimer's disease have been accepted as verifiable. Brain tissues from transgenic mice which have been induced to over-produce APP751 (Quon et al. 1991) or from transplants from mice with a genetic equivalent to trisomy 21 (Richards et al. 1991) show signs of neurodegeneration but only at a low level. None of the animal models show senile plaques and neurofibrillary tangles. This may be because insufficient time is available in mice for the disease to progress to the extent seen in humans.
Familial Alzheimer's disease is genetically heterogeneous, not being even restricted to changes in chromosome 21. These patients form a small proportion of cases of Alzheimer's disease with a marked tendency for early (<65 years) onset. Although a positive family history is, apart from age, the major known risk factor it is impossible to definitely attribute this to a genetic as opposed to an environmental cause. The age of onset of clinical symptoms even for monozygotic twins varies markedly (Farrer et al. 1990) . EURODEM Risk Factors Research Group (1991) showed that although there are significantly more late onset patients with positive family history of dementia than controls, the relative risk factor is significantly less than that for early onset. The problem of death of relatives from other causes makes these kinds of studies extremely difficult in an elderly population.
ENVIRONMENTAL FACTORS: ALUMINIUM
It is generally believed that the predominant, sporadic form of the disease is at least partly triggered by some environmental factors such as head injury (Royston et al. 1992) and possibly Al. However, the epidemiological findings are not consistent with any of these putative causes as being a major influence on its own.
Interest in the possibility that A1 might play a role in Alzheimer's disease was instigated by the discovery that this potentially highly neurotoxic element (Van der Voet et al. 1991) produced neurofibrillary tangles in the cat and rabbit (e.g. Klatzo et al. 1965) . It was subsequently found that these tangles were different from Alzheimer's disease tangles, being composed of phosphorylated straight neurofilaments. There is little doubt that relatively high sub-acute exposure to A1 causes dialysis dementia which is characterized not only by cognitive changes but also speech disturbance, seizures and if unchecked, death within 1 year. Recent preliminary evidence from J. A. Edwardson and co-workers (Candy et al. 1992) indicates that even though the brains of non-demented renal dialysis patients do not show senile plaques or neurofibrillary tangles, there may be increased diffuse f3-amyloid deposition in one-third of cases and raised levels of abnormal tau in brains with high A1 levels.
The presence of A1 in senile plaques or neurofibrillary tangles is controversial. This may be the result of the use of different techniques. Similarly the proposal that the metal chelator desferrioxamine (Crapper McLachlan et al. 1991) delays the progress of the disease is the subject of heated debate (Flaten et al. 1991) . It is not known if systemic desferrioxamine is capable of removing A1 from the brain.
A number of epidemiology studies point to a small but significant risk contribution to dementia of environmental exposure to A1 or lack of protection by neutralizing agents such as fluoride or silicone (Editorial, 1992) . Whether or not this relates to Alzheimer's disease directly or possibly indirectly by increasing the likelihood of dementing symptoms occurring is a matter of conjecture. Detailed discussion of the issues involved is provided by Walton (1991) and Williams (1992) .
